A Nonlinear Dynamic Strategy for Mathematical Modeling and Simulation of Stabilized Platform in Planar Motion in One Body and Three Bodies by Rohani, Babak et al.
A Nonlinear Dynamic Strategy for Mathematical
Modeling and Simulation of Stabilized Platform in
Planar Motion in One Body and Three Bodies
Babak Rohani1, Emre Akgul2, Mehmet Mutlu3, Afsar Saranli4,
Yigit Yazicioglu5
1 Middle East Technical University Department of Mechanical Engineering,
Turkey babak.rohani@metu.edu.tr
2 Middle East Technical University Department of Electrical and Electronics
Engineering, Turkey emrea@eee.metu.edu.tr
3 Middle East Technical University Department of Electrical and Electronics
Engineering, Turkey memutlu@metu.edu.tr
4 Middle East Technical University Department of Electrical and Electronics
Engineering, Turkey afsars@metu.edu.tr
5 Middle East Technical University Department of Mechanical Engineering,
Turkey yigit@metu.edu.tr
Extended Abstract
1 Introduction
An operating plant can be subjected to disturbances varying from small vibrations
due to its internal structure to large drifts or oscillations that may exist in the en-
vironment. Especially in the moving vehicles these disturbances are almost un-
avoidable. Depending on the intensity of such disturbances some applications that
should be performed on the plant might become impossible to do. In order to be
able to do the work, stabilization platforms are used to compensate or at least to
reduce the intensity of disturbances that are on the body.
The stabilization platforms are mostly designed to carry various types of de-
vices such as sensors or robotic actuators. The effect of disturbances on the plant
can be catastrophic for the device itself or its purpose. For instance, cameras
mounted on aircrafts are subjected to large disturbances, however, with the use
of stabilization platforms they can capture sharp images without any motion blur
even for low height flying aircrafts under turbulent air conditions [1]. Also in an
underwater suspended work platform a stabilization platform helps to control the
working process in an efficient way even though the underwater work platform is
subjected to large water drifts [2]. For stabilization platforms one of the the most
widely used mechanism is Stewart Platform which is mainly referred as hexapod.
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The mentioned platform is a parallel kinematic structure with 6 degrees of free-
dom. The mechanism is consist of a stationary platform and mobile platform that
are connected via six struts mounted on universal joints[3].
In this paper, firstly a novel configuration is presented as a stabilization plat-
form. The mentioned stabilization platform is designed to carry a camera on a
legged hexapod robot RHex [4] since images captured by an onboard camera on
RHex exhibit extremely large motion blur. By stabilizing the camera platform,
motion blur is desired to be canceled or at least reduced to some safe amount.
Stabilization of platform in planar pitch motion is subjected to this paper. In
this manner only one actuator is needed, however, the planar joint between vertical
column and platform allows the platform to rotate only in pitch degree of freedom.
For stabilization of platform mathematical model of platform is presented, such
that the angular changes in platform in pitch degree of freedom is related to the
motor shaft displacement.
The equation of motion analysis for platform is derived for one-body and three-
body by using Lagrange equations. For one-body analysis the mass properties of
platform are assigned and in three-body case mass properties of platform, motor
body and motor shaft are subjected to the Lagrange equation. Only the main results
are presented in extended abstract and the detailed derivations will be in the main
paper.
Finally, the obtained mathematical models are simulated. In simulation part
the presented model is simulated by MATLAB Simulink. Simulation results for
kinematic analysis and force analysis due to one-body are shown. For 3-body
analysis main formulation of velocity and angular velocity of bodies and equation
of motion are given. In the main text simulation results for 3-body setup will be
presented and the result of this section will be compared with one body analysis
results.
2 Kinematic Analysis
In Fig. 1 the stabilization platform in planar motion together with body fixed refer-
ence frames is shown.
For calculating the relation between motor shaft displacement and platform
angular displacement the equations
−→
OA+
−−→
AB =
−−→
OE +
−−→
ED +
−−→
DC +
−−→
CB, (1)
a~j + b cos(θ)~i+ b sin(θ)~j = e~i+ d~j + c cos(α)~i+ S cos(α)~j − S sin(α)~i (2)
should be satisfied.
By defining the intermediate parameters;
A = e2 − c2 + (a− d)2 + b2, (3)
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(a) Real setup (b) Designed setup
Figure 1: Illustration of reference frame and other parameters in proposed setup
, B = 2eb. (4)
C = 2b(a− d). (5)
the equation
S2 = A−B cos(θ) + C sin(θ) (6)
is obtained. Taking square root of the equation (6), the relation between angular
displacement of platform and the actuator displacement
S = σ
√
A−B cos(θ) + C sin(θ), σ = ±1. (7)
is derived.
σ=−1 is impossible because there is joint restriction. So, σ=+1 is the only
physically meaningful solution.
3 Simplified Equation of Motion (Platform Dynamic Model)
Using Lagrange Equation (1-Body)
First we start by neglecting all masses other than the platform mass in order to ob-
tain simplified dynamic model. Lagrange equation procedure is used for dynamic
analysis that assigns to the platform via linear motor.
In the analysis it is assumed that there are no dry or viscous friction between
the mechanical parts, so that the dissipation energy change is equal to zero, i.e.
∂D
∂θ = 0. Also, the potential energy change is zero, because mass center of platform
is fixed, i.e. ∂U
∂θ˙
= 0. Skipping the derivations which will be in the main paper, the
Lagrange equation
P˙θ − ∂K
∂θ
+
∂D
∂θ˙
+
∂U
∂θ
= Qθ (8)
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is used to analyze the proposed system. So, the Equation of motion
Jp22θ¨ = F
B sin(θ) + C cos(θ)
2S
(9)
is obtained. Also the actuating force expression is
F = Jp22θ¨
2
√
A−B cos(θ) + C sin(θ)
B sin(θ) + C cos(θ)
. (10)
4 Platform Dynamic Model Using Lagrange Equation (3-
Body)
In this section we extend the result of the previous section by taking into account all
relevant masses in the relevant mechanical setup. These are platform, motor body
and motor shaft masses. Because the additional masses are placed of center with
respect to the rotational motion, variable potential energy is introduced as well as
kinetic energies due to the translational velocities. We proceed as follows
From Fig. 1b displacement of the motor mass center
~rm = ~rm/o =
−−→
OC =
−−→
OE +
−−→
ED +
−−→
DC (11)
gives us the scalar amount of motor velocity final result is obtained as follows;
~v2m = c
2a˙2. (12)
The angular velocity of the motor mass center is obtained as follows;
~ωm = ~ω1/0 = −α˙~u(1)2 = −α˙~u(2)2 . (13)
Displacement of the motor shaft mass center
~rsh = ~rB`/O =
−−→
OB` =
−−→
OE +
−−→
ED +
−−→
DC +
−−→
CB`. (14)
that gives the scalar motor shaft velocity
v2sh = (cα˙− S˙)2 + (S˙α˙)2. (15)
The angular velocity of the motor shaft mass center is obtained as follows;
~ωm = ~ω1/0 = −α˙~u(1)2 = −α˙~u(2)2 = −α˙~u(3)2 . (16)
The kinetic energy equation
K =
1
2
mmc
2α˙2 +
1
2
Jm22α˙
2 +
1
2
[(cα˙−S˙)2 +(S˙α˙)2]+ 1
2
Jsh22α˙
2 +
1
2
Jp22θ˙
2 (17)
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and the potential energy expression
U = (d+ c sin(α))mmg + [d+ c sin(α) + (S − 59 cos(α)]mshg (18)
are calculated.
Finally the equation of motion from Lagrange procedure
F
B sin(θ) + C cos(θ)
2S
=mmc
2α¨+ Jm22α¨+mshc(cα¨− S¨)
+msh(2S¨S˙α˙+ S˙
2α¨)−msh(cα¨− S¨)
+msh(2S˙α¨α˙+ α˙
2S¨) + Jsh22α¨+ Jp22θ¨.
(19)
5 Simulation Based Validation of the Dynamic Model
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Figure 2: Force applied to the plat-
form by the actuator
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Figure 3: Angular displacement of
the platform due to the applied force
In this section we simulate the formulated equation of motion for one-body and
present the result. However the 3-body results will be presented in the main text.
Our aim is first to observe a reasonable model behavior and, second to observe
the approximation error of one-body model in comparison to 3-body model. Our
ongoing work also aims to experimentally validate both models using data from
the physical setup. This will also result in matching values for model parameters.
Fig. 2 illustrates the applied force by the actuator and Fig. 3 shows the corre-
sponding angle of the platform of the one-body model. Although this simulation
does not cover all performance criteria, it shows the validity of performed analysis
for one-body.
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